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TECHNICAL PAPER

Implementation of Intranet Scene Preview
for Feature Animation

By Leonard J. Reder and Gene Takahashi

This paper describes the development of an Intranet scene preview capa-
bility within Warner Bros. Feature Animation. This capability was devel-
oped so all members of the production staff could easily view production
material as it was being animated. The animation production process as it
pertains to the preview capabilities is presented and the organization of
the server is reviewed. A discussion of HyperText MarkUp Language
(HTML) along with the structure and function of the custom software

developed is given. Peerformance and enhancements of QuickTime down-

loading and playback is also discussed.

eature animated motion pictures

typically require the work of hun-
dreds of people to create the final
product. The process, involving many
specialized departments, consists of
creating astory reel from sketches rep-
resenting the film and then generating
mechanical tests (for example, camera
moves), ruff, clean up, and fina
(color) animations. The film to be ani-
mated is divided into sequences and
then into scenes. Each scene moves
from department to department at vari-
ous rates depending on complexity.
Rendered animation for each scene is
stored on central file servers in the
form of high-resolution sequences of
TIFF image files and other associated
data elements.

During the course of a production,
senes must be archived to tagpe due to
disk space limitations. Since the ani-
mation is stored as high-resolution
digital material, it cannot be viewed
by members of the crew who only
have access to desktop computers.
Many times material is not online
when production personnel need to
view “hookups” of scenes (that is, the
scene they are working on in conjunc-
tion with the previous and following
scenes).

Presented at the 140th SMPTE Technical Conference
(paper no. 140/), in Pasadena, CA, October 2831,
1998. Leonard J. Reder and Gene Takahashi were with
Warner Braa  Feature Animation, Glendale, CA at the
time the paper was presented. An unedited version of
appears in DTV Reality Check-The First Year,
SVPTE, 1998. Copyright O 199 hy SVPTE
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A mechanism for maintaining
scenes from each production online in
a form accessible to any type of com-
puter was needed. The solution was to
utilize the company’s Intranet allow-
ing animated material to be viewed as
it exists at any time during the produc-
tion of an animated feature.

Animated scene content was served
for preview capability via an Intranet
web server. Software was developed
to automatically generate QuickTime
movies and to create HTML pages for
accessing them. Annotation was
placed on every frame of each movie,
and then each movie clip was striped
with production audio. The software
ran automatically every night and
made updates to the web pages while
generating new QuickTime files for
scenes that had changed. For example,
a scene that consisted of ruff anima-
tion and then changed to clean up
would be updaed. Also, if a sene was
detected to have had an increase in
take number because of changes
requested by the director, it would also
be updated. An e-mail message notify-
ing users of exactly which scenes had
been updated was also generated.

Two types of QuickTime movies
were served for preview: low-resolu-
tion (320 x 240 pixel frames) com-
pressed with the Apple video codec
and 720 x 540 pixel JPEG-com-
pressed. The 320 x 240 frame size
made it possible for any modem com-
puter system to load movies in a rea-
sonable amount of time and to play

them at, or near, 24 frame/sec film
playback rate. The 720 x 540 format is
D-l video compatible resolution used
with desktop nonlinear editing sys-
tems.

An editorial Intranet website has
been configured to serve the scene
preview QuickTime movies. The
server also contains low-resolution
QuickTime story reel movies
uploaded from the editorial depart-
ment. The movies are exported from
the Avid Film Composer nonlinear
edit system. These QuickTimes allow
anyone to refer to the most current
version of the story reel from any
computer connected to the company’s
Intranet. Documents that describe pro-
cedures and naming convention are
also available via the web, and most
recently, sound effects retrieval has
been added.

Animation Production Processl

After a story reel of sketches has
been locked and approved by the
director, production dialog is recorded
and added to it in place of temporary
dialog; once this is completed the ani-
mation process starts. First, the story
reel is broken down into 2 to 5min
sequences and further into individual
scenes (for example, shots) that can be
animated. These scenes go through
workbook and layout where each ele-
ment is further defined and the action
is planned in detail (Fig. 1). Produc-
tion didog track is “read” and sent to a
central file server for use by animators
creating drawings. The track reading
process defines the phoneme associat-
ed with each frame of animation.

Ruff animation is a sequence of
drawings created (based on the layout,
workbook, and track reading) to repre-
sent the movement of each character
in the scene-it may be hand-drawn or
computer-generated.  Initial  hand-
drawn ruff animation yields material
that typically omits frames, making
fine-timing adjustments in the scene

SMPTE Journal, October 1999
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Figure 1, Animation process flow and iteration.

easier and less work for the artist.
Ruff computer-generated animation
has all the frames but is rendered as
wireframe models.

After ruff animation is completed
the material is scanned into the com-
puter and goes to the scene planning
department that assembles the ruff ani-
mated elements, adds the camera
moves, and then composites them.
Once this process is completed, the
sequence of composited framesis sent
electronically to editoria for director’s
approval or director’s notes for
changes. This is the first point in the
animation process where the scenes
are automatically posted to the web.
Each scene posted at this stage is
labeled on the web page as “Ruff
Animation (r).”

SMPTE Journal, October 1999

Next, the ruff animation moves into a
cleanup process. During this phase, line
quality of the images is improved, and
frames missing from the ruff animation
are drawn. At this point, every frame
within the scene is animated. This is
done for each element of the scene and
the material is once again sent back to
scene planning for compositing and
additional fine-tuning of camera moves.
Scene-planned frames are, once again,
snt to editorid. The Intranet web  soft-
wae picks up the material a this point
and updates the ruff verson to  cleanup.
The scene label on the web page
changes from “Ruff Animation (r)” to
“Clean Up Animation (c).” Again, the
director's approvd or notes ae obtained
before the scene can continue on to the

find  dages

Once clean up animation is
approved, the scene is ready to have
final color added. This part of the
process involves the greatest number
of animation departments: first, the
animation check department carefully
examines the animation and fixes
minor flaws or sends the scene back
to a previous department to be fixed.
After approval, the scene goes to the
color models department where a
palette that determines how the scene
will be colored is defined; if approved
by the art director the scene is inked
and painted (colored by computer).
Next, the completed animation goes
through digital effects, final scene
planning, and color models depart-
ments for further refinement. Final
check does a meticulous and thorough
inspection of the frames of animation
before anything is recorded onto film.
During this process the web pages are
updated. The scene label changes for
the last time to “Final Animation (f).”
The final colored animation is record-
ed to film using Celco film recorders
and viewed in the screening room for
final director approval or notes.
Approved film is then cut into the
film reels. By this time the approved
scene material is on the web and cut
into the Avid nonlinear system to
keep electronic cuts current with the
physical film reels.

The above process can be iterated at
several places and for some time
depending on the complexity of the
scene being animated. Typically,
changes occur during ruff or clean up
animation with fine adjustments taking
place during the final animation phase.
Figure 2 is an example of how a frame
for scene preview, when served, looks
at various stages of the process.
Within Fig. 2 frames (a), (b), and (¢)
are the dragon from Quest for Camelot
while frames (d), (e) and (f) are the
Hogarth character from The Iron
Giant.

Edtaid Syve Road Map

Within Warner Bros. Feature
Animation, several Intranet websites
have previously been set up to provide
various organizational information;
however, none of these served produc-
tion audio or QuickTime movies.
Since we anticipated that mediawould
be streaming from our system at some
point, we decided to set up a separate
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FEATURE ANIMATION

web server. The setup is completely
production driven in that with each
new production the Intranet site, con-
figuration is modified and enhanced to
suit the needs of the production. To
date, the editorid ste has been used to
serve material for Quest for Camelot
and The Iron Giant productions.
Quest for Camelot was released May
1998 and The Iron Giant is currently
in production.*

Figure 3 shows the top down orga-
nization of the editorial web pages.
Web pages utilized for preview of
scenes are updated and then frozen to
preserve reference materia online.
The animation departments use this
reference materia since high-resolu-
tion material for the completed pro-
duction hes been achived to tape

At the top of the diagram is the
“Editorial Page” connected by six
hypertext links to other pages. A
hypertext (or hypergraphic) link is text
(or a graphic image) one can click on
to retrieve new data associated with
that  link.

Figure 4 shows the progression of
web pages to preview a scene. Starting
at the page shown in Fig. 4(a), and
clicking on the “View Scenes in
Production for The Iron Giant” link
takes us to the page shown in Fig.
4(b). The “View Scenes in Production
for The Iron Giant” page is generated
daily and lists all the sequences that
are currently being animated for the
film. Next, clicking on a sequence
number, for example, Sequence 08.0,
takes the user to the page shown in
Fig. 4(c). The “Scenes for Sequence
08.0" page presents a list of scenes
that can be viewed. Pages with the
same format as this page are generated
and updated for each sequence of the
movie in production. These are called
scene preview pages because they are
used to obtain the QuickTime movie
for viewing any particular scene with-
in a production. Asthe movie produc-
tion progresses the pages grow and
eventually every scene in the film is
served.

Figure 5 shows an enlarged view of
the top and bottom of the “Scenes for
Sequence 08.0" page. The bottom
indicates that the scene order was
specified by the editorial cut list and

* The animated feature The Iron Giant openedin the-
aters in August 1999.
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that the page was last updated on July
30, 1998.

Once the user is in a scene preview
page for a particular sequence (Fig. 5)
the operation is very simple, since
each scene detected has a record on
the page. The record consists of a
smal 205 x 87 pixel thumbnail image
of the first frame of each scene. To the
right, a label is created consisting of
the sequence, scene, take numbers,
and the stage of animation being pre-
sented. Below this are two
“Download/Play” hypertext links to
the QuickTime material generated for
the scene. The thumbnail imageis aso
a hypergraphic link to the low-resolu-
tion 320 x 240 QuickTime movie.
When any of the three links are
clicked on, the QuickTime movie for
that scene is downloaded and played
on the native movie player of the local
machine.

Returning to Fig. 4(a), the next link
is “View Iron Giant Story Reel
Sequences.” This page is automatical-
ly generated with links to low-resolu-
tion story reel QuickTime movies that
the editorial department has uploaded
from their nonlinear edit systems.
These movies are uploaded after initial
approval out of the workbook process
and only updated on an individual
basisif substantial changes have been
made to them.

The remaining four links (Fig.
4(a)) are a top level report page to
our Oracle-based production tracking
system (called TAZ); scene previews
for Quest for Camelot; a page refer-
encing documentation on procedures
and naming conventions; and the
Liquid Audio Sound Effects Retrie-
‘val system.

The TAZ reports are served else-
where but the Liquid Audio Sound
Effects are served as part of the editor-
ial server. This retrieval capability
allows the user to search a database
containing several sound libraries and
to “stream” Dolby AC2-encoded
sound for auditioning. A compact
disk-quality audio file can then be
downloaded for use in either aMac or
Windows environment.

Finally, the “View Scenes from
Quest for Camelot” hypertext link
points to a page which lists all
sequences within the Quest for
Camelot production. Once again each
sequence is a hypertext link to a page

containing a list of scene preview
movies.

Production Directory Hierarchy

The scene preview pages described
above and associated QuickTime
movies are generated based on naming
conventions utilized within the pro-
duction directory hierarchy. The pro-
duction directory structure begins at a
top-level directory. Directly under it
are separate subdirectories represent-
ing material for each production. Each
production is represented with a pro-
duction descriptor named sub-directo-
ry. Under the production directory, the
structure is further broken down into a
directory for each sequence in the
motion picture and under each
sequence directory scene directories
are created. Under each scene directo-
ry are various other subdirectories that
contain other elements of data
required to assemble and color the ani-
mation.

Also, under the scene's sub-directo-
ry is a directory containing the com-
pleted animation for each of the stages
shown in Fig. 1. Directly under this,
each version of rendered animation is
stored in another directory. The direc-
tory structurein UNIX notationiis:

[top-level/<Production Desc.>/<Sequence
Number>/<Scene Number>/<Intermediate
Directory>/<Testid-Take Typel Desc]>

(e.g. /top-level/XXXX/08.0/024.60/out/
001_02.1)

Each directory within the < and >
represents a specific naming conven-
tion explained in Table 1. Table 1 is
the top down naming conventions
used for the directory structure.

The software to generate the scene
preview pages and QuickTime movie
of each scene scans the production
directory structure for valid media to
be included in the pages. When new
scene material is found online,
QuickTime movies are generated and
the HTML web page is updated with
an additional scene record and stored
in a special editorial directory located
under each sequence directory. We
also store production audio within the
editorial directories.

Within each editoria directory the
HTML page is named SequenceXX.X.
html where XXX is the sequence
number and the QuickTime movies
are represented with the naming

SMPTE Journal, October 1999
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vention  of:
<Sequence  Number>-<Scene  Number>-<Teke
Number>-<Type>-<Movie = Type>.mov

(eg. 08.0-024.60-02.r.mov or 08.0-024.60-02-r-
d .mov)

Each component within the <> of
the QuickTime name is explained in
Table 2.

Implementation

Initialy it was thought that a share-
ware NextStep application displaying
multiple images on the desktop could
be adapted to play small sequences of
frames. At that time most of Warner
Bros. Feature Animation was utilizing
2-D animation software running on the
NextStep operating system to digitally
manipulate and assemble the anima-
tion. The exception was the CGI group
running 3-D animation software on
Silicon Graphics Inc. (SGI) worksta-
tions. The sudio is phasing out the use
of NextStep in favor of other 2-D soft-
ware packages; therefore, we consid-
ered using the SGI showcase applica-
tion to reference multiple images and
audio for playback on the SGI. The
problems with these approaches were:

. They would have required sepa-
rate implementations on each
machine.

. Macintosh users (most of our pro-
duction management team) would not
have the capability to preview.

. We required a workable solution,
within afew weeks of concept.

. The solutions would only make a
limited number of scenes available to
the user at any particular time.

Utilizing popular web and
QuickTime technologies would make
all animated scenes available for view-
ing on any type of computer connected
to the Warner Bros. Feature
Animation Intra-network.

To keep development time short, all
software was written utilizing the Perl
language. Perl is an advanced scripting
language, combining the system Con-
trol functions of standard UNIX shell
sript languages with the esse of dtring
manipulation and file input/output
(1/0) found in compiled languages
such as C or C++. Moreover, Pal was
designed for generating nicely format-
ted data reports and performing sys-
tem functions like execution of image
manipulation command line utilities or
standard UNIX commands.2.3
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Table 1 — Subdirectory

Naming Convention for Production Directory Structure

Subdirectory

Description

top-level

The top level root directory.

Production Desc.

Production _descriptor name of production directory  (XXXX).

Sequence Number

Sequence directory name (eg. 27.3 or 08.0).

Scene Number

Scene directory name (eqg. 01.0 or 37.42).

Intermediate  Directory

Storage location for various versions of scenes.

Testid_Take Type[ Dex]

optional argument.

Version of scene rendered directory name. This consists of a three
digit test identification number (the Testid) unique to each
department and a two digit take number (the Take) which
corresponds to director’'s notes. A type identifier (Type) which is
either, m for mechanica test, r for ruff animation, c for cean up
animation, or f for fina color animation. The _Dext field is
optiona and typicaly used for some form of department
abbreviation such as _16hit (tells us the scene was rendered as 16bi
TIFF) or _fep (tells us that finel scene planning rendered this
verson). The [] around the -Desc is UNIX notetion for an

Table 2 — QuickTime of a Scene File Naming Conventions

Name

Description

Sequence  Number
production directory path.

Sequence number where scene came from. This is derived from the

Scene Number Scene number within sequence. This is derived from the production
directory path.

Take Number Take number (the Take) which corresponds to directors notes and is aso
derived From the production directory path.

Type Type identifier that is either, m for mechanica test, r f0( rL_Jff animaipn, c
for clean up animation, or f for fina color animation. This is aso derived
from the production directory path.

Movie Type This is the type of movie generated for page reference. If this is not defined

the movie is a 320x240 pixel format 24 fps movie Ifthis is “-dI” the
movie is a 720x540 pixel DI video forma compatible movie. The movie
type is generated internally within our sofhvare.

Three scripts and one Pel library
were developed to refresh the HTML
web pages and generate the required
QuickTime movie. The main script of
interest is UpdateScene.pl that gener-
ates al the scene preview pages. It is
built on the Perl library script named
SceneGenlib.pl  that handles all image
file manipulation tasks and HTML
generation. Two other scripts called
IJpdateSeq.pl  and UpdateStory.sh
refresh the “View Scenes in
Production for The Iron Giant” page
(Fig. 4(b)) and the “View lron Giant
Story Reel Sequences’ page.

The UpdateScene.pl script runs
every night at midnight utilizing the
UNIX cron facility on the SGI server.

The cron is a program for timed exe-
cution of tasks

HTML

Our pages are entirely implement-
ed utilizing HTML, because it is sim-

ple to generate using a string-based
scripting language like Perl. The fun-

damental  function of the
UpdateScene.pl,  UpdateSeq.pl and
UpdateSory.sh scripts is to generate

and update the HTML pages. A brief
discussion on the nature and structure
of a HTML document (file) follows
to give the reader a foundation to
understanding how our web pages
function.

HTML is a cross-platform, docu-
ment-viewing language with
links (hypertext or hypergraphics). A
hyperlink is a reference point (link) in
a document to another location in the
same document or some other point in
another document. Browsers usually
display hyperlinks in a distinguishing
way, for example, in a different color,

font, or dgyle
HTML uses American Standard
Code for Information Interchange

(ASCII) tags. A tag consists of text

SMPTE Journal, October 1999
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enclosed by “<>”. The tags are typi-
cally used in pairs surrounding text to
define formatting or a hypertext or
hypergraphic link. For example the
word bold expressed as <B>bold</B>
would appear as bold typeface within
an HTML-compliant browser.
Although most common tags appear
in pairs, some do not; exceptions are
the <IMG>, <P>, <HR>, <BR> and
<! “string”> tags. The common tags
utilized within the web pages generat-
ed by our software are explained in
Table 3.

A hypertext (or hypergraphic) link
is implemented with an anchor tag
<A> that can enclose text or an inline
image. The syntax for the anchor is as
follows:

<A HREF="URL"> Text to be linked</A>

Text that has an anchor around it
appears underlined and in a different
color. If an image is a hypergraphic,
then it has a colored border surround-
ing it. In our implementation, this is
the means by which QuickTime
movies are acquired onto a local
machine for playback.

The thumbnail images that appear
on the scene preview pages (Fig. 5)
are embedded inline with the HTML
tag <IMG SRC="URL">. The URL'’s
(Universal Resource Locator) syntax
is “protocol://Internet-address/file
name.” The “protocol” is typically
hypertext transfer protocol (http) but
file transfer protocol (ftp) is some-
times used. The protocol can also be
specified as “file” meaning the brows-
er should access the local file system
of the machine. The “Internet-
addres’ is the name of a sver on the
network. As a shortcut, the “protocol”
and “Internet-address’ can be left off
the URL. When this is done, the
default is to use http as the transfer
protocol and the original server host-
ing the page address as the “Internet-
address.”

The structure of an HTML page
consists of two parts, the header and
the body. The header defines meta-
data (data about the document itself),
while the body is where all the format-
ting tags that define the look of the
document are placed. The structure is
as follows:

<HTML>

<HEADER>
Title of page appears as title of browser
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Table 3 — HTML Tags used in Editorial Web PagesS

Tag Name*

Description

<IMG SRC="URL">

The IMG tag specifies an image file to be displayed inline  within the
document.  The LR dtribute is mandatory to specify the image ftile
URL. Other atribues ov be given to dter the digdlayed image's width,
height,  dignment.  efc.

Red Maks begiming of a new paagrgph (or logicd block of test).

<H> The HR tag caues a horizontd line to be drawn across the width of the
browser's  document  viewing windw. HR do can hae a number of
atributes to change the line color. width, etc.

<BR> Charecter  which cauises a line bresk to appear

<! “comment string”>

Thed isthe start of acomment string and the > isrhe end. The "comment
dring’  will not gpear indde the browsa’s document window but will goper
is the HTML source

<HTML>...</HTML>

This is the outer most tag and identifies the document as an HTML file.
HTML is a subset of the standard generalized markup language (SGML) that
is an ISO standard.

<HEAD>...</HEAD>

The HEAD tag defines the meta-information for an HTML document file. A
set of tags is used within the HEAD tag set to define several properties of the
document. It is mandatory that a TITLE tag be specified within the HEAD
tag set.

<TITLE>...</TITLE>

Text within the TITLE tags defines the title of the document. This title does
not appear within the document but rather is displayed as the window title of
the browser frame that the document is being displayed in.

<BODY>...</BODY>

The BODY tags define the body of the document. All visible text within the
body is than enclosed within other tags to give formatting and hyperlink
information to the document. All tags that define the look of the document
are contained within the BODY tags. The BODY tay can have severd
attributes to give the document a particular look. In Listing 1 the
BACKGROUND= attribute defines the look of the background of Figure 5 by
causing the paper gif image to be tiled over the entire background within the
browser.

<A HREF = “URL">...</A>

The A tag is an anchor which defines a hypertext link to a URL using the
HREF attribute. Text or graphics within the A tag is typically highlighted
in some way. Other attributes are also defined for anchors but at least a
HREF or NAME attribute must be used.

<Hn>. . </Hn>

The tags Hn (where n = 1.2.3....6) represent headings. Although browsers
do not associate the heading with a particular font, the convention is to use
H1 for the largest or most import heading and assume “n” goes up as the font
size progresses downward. By default headings are left justified but an
optional ALIGN attribute can be specified to over ride this.

B>...</B>

Text enclosed by the B tags appears as bold.

aq>., <>

Text enclosed by the I tags appear as italic.

TABLE>...</TABLE>

Used to define a table within a document. It is used within Figure 5 to cause
textto be centered dong sSde of an image In Figue 4b a dandad table is
created. Severd  atributes ae used to defme  the look of the table BORDER
WIDTH, CELLSPACING, CELLPADDING are some of the common
attributes usd to defme tables. BORDER-numba caues a line of thickness
numbert0o be dawn aound esch cel of the table If BORDERD is used a
borderless table is creted. WIDTH gpecifies the table width is either
absolute units of pixds o in pecentage of window  width.
CELLSPACING=number specifies the spacing, in pixels, to be placed around
text or images within a table. CELLPADDING=number specifies the space,
pixels, between individual cells in a table.

TR>... </TR>

The TR tag defines a row within the table. It is used within a TABLE tag.

TD>...</TD>

The TD tag defines a cell within the table. Actually the TD tag defines a
data cell within the table and the TH tag defines a header cell within a table.
Both of these are used within the TR tag.

‘CENTER>...</CENTER>

The text enclosed by the CENTER tags is center aligned. A line break is
added before and after the enclosed text so only the text to be centered is on
the line.

‘FONT>...</FONT>

Text is enclosed by the FONT tag to control size and color properties using
the SIZE and COLOR attributes of the FONT tag. The SIZE=number
specifies the font size as an absolute range from 1 (the smallest) to 7 (the
largest). The COLOR=#rrggbb specifies the fonts RGB color using a triple
hex number representation.

* HTML tags that do not require pairs

window. Other data about this document is aso
placed here.
</HEADER>
<BODY>
Text, images, formatting tags and hyper-
text (or hypergraphic) links within the document.
</BODY>
</HTML>

In the course of implementing the
web pages for this site, several charac-

teristics of HTML became apparent.
Text within an HTML document not
surrounded by formatting tags will
word wrap to the current width of the
browser. Within the HTML document
any extraneous white spaces, tabs, or
carriage returns are ignored. This
means that if specific formatting with-
in a page is desired, it must be done
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with HTML formatting tags. It is
important to realize that al HTML
formatting features “specify logical
rather than physical” characteristics of
a document’s look. This means tag-
ging some text as a header (using the
<HI> and </HI> tags) will, on a
Macintosh, map to some font selected
by the local browser while on an SGI
workstation it may map to a complete-
ly different font. While identical pages
can appear significantly different on
various systems the page’'s functionali-
ty does not change. We have designed
our pages with a congstent look across
dl  systems’”

Custom Per| Software

Within the UpdateScene.pl  script,
we update scene preview pages, con-
sisting of a header, repeated instances
of a scene record, which points to the
movies to be viewed, and a tail sec-
tion. Listings 1, 2, and 3 show the
HTML of the page shown in Fig. 5,
and Table 3 explains each of the
HTML tags used.5 The code generates
header and tail HTML for the top and
bottom of every page. In between,
individual recordsfor each sceneto be
previewed are generated using the for-
mat shown in Listing 2, which starts
with a scene record HTML comment
line. These comments do not appear to
the user viewing the page but are used
by the software for sorting the scene
record in top to bottom order accord-
ing to editorial cut lists stored on the
central file server.

Figure 6 shows the processing flow
within the UpdateScene.pl  script for
creating and updating material. The
script takes a production number asits
argument and then iterates through the
sequence and scene directories. For
each valid scene output detected, alist
of possible scene versions is generated
within the code. This list is then
searched for the most current version
of the scene. First, the type identifier
is examined for f, ¢, r, or m with the f
for final type having highest priority, ¢
for clean up next highest, and so on.
Only scene versions with the highest
priority type are retained. Next, only
the scenes with the highest take num-
ber are kept, and finally the scene with
maximum test identification is used.
This process is performed with the
searchforscene Perl function, and uti-
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Listing 1. HTML from Top of Figure 5

Header HTML Source for Sequence 8.0 Scene Preview Web Page

<HTML>

| < START OF SCENES >

<HEAD>

4 DO NOT EDIT THIS FILE - IT IS MACHINE GENERATED >
<TITLE>Sequence QBOMITLE

<HEAD>

<BODY  background="/topleve’X XX X feditorial nww/imeges/peper.gif ">

<H>Smes  for Sequence 080</HI>

<P>

Listing 2. HTML Record Used in Figure 5

Scene Record HTML Source of Sequence 8.0 Scene 4.5

4 XXXX-080-004.50-014-02-f>
<TABLE BORDER=0 CELLSPACING=0
<TR>
<TD ALIGN=center>

<A HREF=" top-level/XXXX/8 Olectorial(qi08.0-00450-02: mov'>
MG SRC="ftopHevel/XXXX /08 Oleftoria/ctl08.0-004.50-02:gif><or>

<JA>

Download/Play 320240 24 fps Movie<hr>
<A>

Download/Play
<JA>
<[TD>
<TR>
<[TABLE>
P

TR0 24 fois Movieshr>

CELLPADDING=5>

<1D>>

<ID ALIGN=left>
Soquence 080, Soee 00450, Teake (2 Find  Animation <br>
HRER i G ><t>

<A HREF=fopleva/ XXX X080l tonalH080-00450-02 mov'™>

Listing 3. HTML from Bottom of Figure 5

Tail HTML Source for Sequence 8.0 Scene Preview Web Page

4 END OF SCENES>
P
<center>

B2
<font size=3

<AHREF=Trels@nkfacoi™) IA><BR<BR>

<[font
</cante>
<BODY>
</HTML>

<P><HR><IMG  RC="top-level XXX X/ecitoriel wwiimegesflinespectranicegif ><P>
Lt Modfied ad Soted into Scene Order on: Thu Jul30 00:3422 POT 1998
Peee address hug repots comments and  suggesions for  this page to

e @nkfacome)
<A HREF="http://edtorid whbfacom">RETURN TOMAIN PAGE </A>
<A HREF="Itop-level XXX X/08.0/ediitorial/qt/Sequenced8.0.ntm">RETURN TO TOP OF PAGE</A>

lizing the scene path returned, the
update is performed by the
UpdateSceneMovie Perl function.

Within UpdateSceneMovie, the rou-
tine CheckAndUpdateQt is used to
check for existence of a rendered
QuickTime movie, a GIF thumbnail of
the first frame of a scene, and the
.QtSceneRecord-XXX.XX  file contain-
ing information about the last scene
update made. If al these exist, then
processing continues to the
CompareAndUpdateQt routine.
However, if any of the above are miss-
ing, then either a new scene is online
or something has been inadvertently
deleted and a new QuickTime movie
and HTML update are performed. At
this point the script iterates to the next
scene.

If CheckAndUpdateQt returned and
indicated the scene existed normally,
then the CompareAndUpdateQt rou-
tine is called. The routine compares
the scene found by searchforscene
with the last version of the same scene
that exists on the web page. If the
scene is newer, the QuickTime and
HTML are updated.

A simple distributed database is
uxd to track the date of each scene on
every web page. The UpdateScene.pl
script reads and writes out a scene
record file to and from the appropriate
sequence editorial directory. The file
is named .QtSceneRecord-XXX.XX
(for example .QtSceneRecord-024.60 )
with XXXXX representing each scene
number. These are hidden UNIX files.
Within the . QtSceneRecord-XXX.XX
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Iterate To
Next Scene

k

Get Most
Current Version
(searchforscene)

UpdateSceneMovie

Check And Update
+ New Scene Update (No Prev. Rec.)
= Missing QuickTime Update

CompareAndUpdateQt
Yes
!

CheckAndUpdaft 3t

pdated?

Compare And Update
« Newer Scene Found - Update
- Store State of New Scene

Generate Emanl
Notification of
Scenes Updated

=>

Figure 6. Structure and logical flow of UpdateScene.p! script used to regenerate HTML

pages and QuickTime movies for scene preview.

Table 4 — Interface Functions of SceneGenlib.pi

Function Name

Description

RmMovGif

This routine removes the old instance of the GIF image file and
QuickTime movie file of the scene last displayed.

MakeThumbnailGif

This routine generates a thumbnail GIF image file of the first frame
of the scene being updated or created .

MakeAnnoTiff

This routine generates a temporary directory filled with annotated
TIFF images. These images are used by MakeQtScene Annotated
to generate the QuickTime movie of each scene.

MakeQtScene

This routine generates the QuickTime movie file without
annotation for the scene being updated or created.

MakeQtSceneAnnotated

This routine generates the annotated QuickTime movie file for the
scene being updated or created.

MakeQtSceneWithAudio

This routine generates a QuickTime movie with audio from an
input silent QuickTime movie and a input AIFF audio file.

Update HTMLSceneRecord

This routine checks to see if an HTML page for a sequence exists.
If not than a new HTML page with standard header (Listing 1)
and standard tail (Listing 3) template text is generated and the
HTML scene record of Listing 2 is added. If the HTML exists

than either add or update the HTML scene record, -
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file we store the scene record HTML
comment, total number of frames of
the scene, time and date the scene was
last updated, and the names of the
QuickTime movie files associated
with the scene. Most of this informa-
tion is used for debugging purposes,
but the scene record HTML comment
is used for determining if a scene ver-
sion has changed. A list of all updated
scenes is generated during this
process. After all directories have been
scanned and processing is completed,
an e-mail message is generated to noti-
fy users of exactly which scenes have
changed on the web pages.

Perl functions contained within the
SceneGenlib.pl library script take care
of the mechanics of generating the
QuickTime and HTML (Table 4). The
Update HTMLSceneRecord generates
and updates all HTML text produced
by the scripts using native Perl func-
tionality. The remaining functions of
Table 4 utilize binary executable com-
mand line programs, listed in Tables 5
and 6 to perform the required image
processing needed to produce the
QuickTime movies and thumbnail
images. The SGI utilities listed in
Table 5 are standard with any model
of SGI workstation.6 The utilities in
Table 6 are public domain software
available from the San Diego
Supercomputer Center (SDSC).7

The original production materials
are sequences of frames stored as
either 1024 wide or higher film-reso-
lution TIFF image files. The files are
either 8 bit or 16 bit per component
RGBA format depending on the scene.
The height of the images depends on
the production. Both 1.66 and 2.35
aspect ratio using 35mm 4-perf film
have been shot within the studio.
Quest for Camelor was a 1.66 show
and The Iron Giant is being shot in
2.35 CinemaScope. Various versions
of the software adjust for either for-
mat.

To generate the QuickTime of the
scene the actual process is as follows.
The first step is to resize the TIFF
images into 720 x 540 images with let-
terbox at top and bottom. These
images are stored in a temporary
directory where we generate a
sequence of annotation strip images
containing the annotation label for
each frame. These annotation strip
images are created utilizing a com-
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Table 5 — SGI IRIX End-user Image and Media Tools®

This command line application prints various information about any file
format supported within the SGI ImageVision Library. Information returned

dimension order, color model used, the minimum and maximum pixel values,
file format, type of data compression. Our applications utilize this program

This command line application generates a resized image output file from an

convolution with a triangle filter kernel to enhance the appearance of the

This command line application can be used to convert many different types of
image, audio and movie file formats to many other types. The application can
alter characteristics of both input and output audio and/or video. For example
this application adds the letterbox automatically to our frames. In addition 24

fps movies can easily be converted to 30 fps. Sample rates of audio can be

image and audio data from a variety of different formats. The makemovie is
used to combine silent QuickTime movie files and ATFF audio files to add

Program Name Description

imginfo
includes the image dimensions in pixels, data type of pixel component,
to obtain the image dimensions.

izoom
input file. The output resized image file has been filtered using a 2-D
resized image. Other filters can be selected.

dmconvert
changed. This application has many command line options and is very
versatile.

makemovie This command line application ¢
sound to our scene previews.

an generate QuickTime movies from input

Table 6 — SDSC Image Tools?

Program Name

Description

imcomp

This command line application combines two input image files together using
digital compositing operations. The compositing uses one or both of the
input image files alpha channel as a coverage mask. In the case of the WB logo
it is replacing the original pixel data within the image.

imconv

TIFF.

This command line application converts an input image file using one file
format to an output image file with a differing file format. It was used here for
its ability to convert 16 bit per component TIFF to 8 bit per component

imcopy This command line application ¢

file. Input and output files may have different image file formats.

opies a portion of an input image into a new

impaste

have different image file formats.

This command line application copies an input image onto a background image
and saves the result into a new file. Input, background, and output files may

mand line application called anno,
which is an X-Windows C program.
Next, a small Warner Bros. logo is
composited onto every frame. The
annotation strip images are overlaid
onto the bottom letterbox part of each
image.

A QuickTime movie is generated
from the preprocessed TIFF files uti-
lizing the SGI dmconvert utility.
Finally, a check is made for the exis-
tence of an AIFF format audio file
stored on our server, if found the
makemovie utility is executed to
stripe the 320 x 240 pixel QuickTime
movie with production audio. The
720 x 540 QuickTime movies are cur-
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rently not striped.

Each frame is annotated to be con-
sistent with editorial media used with-
in our Avid nonlinear edit systems and
film shot by our camera department.
The annotation is shown in Fig. 2 and
consists of the foot-frame number of
each frame relative to the start of a
scene, a string indicating sequence,
scene, take number and type id, and
the date the movie file was generated.

Every day at noon, a script called
UpdateSeq.pl is executed. By this time
the UpdateScene.p!l processing will
have been completed. When a new
scene from a new sequence is placed
online the UpdateSeq.pl script updates

the “View Scenes in the Production
for The Iron Giant” page of Fig. 4(b)
with the new sequence links. The
script also acquires the titles for each
sequence from our Oracle production
tracking system and places them on
the page.

Finally the script named
UpdateStory.sh runs every two hours
to regenerate the “View Iron Giant
Story Reel Sequences” page, which is
linked to the low-resolution story reel
QuickTime movies uploaded to the
file server by the editorial department.
After the page has been updated e-
mail notification indicating which ver-
sions of the story reel sequences have
changed or have been added is auto-
matically generated and sent to select
users.

Client/Server Intranet
Configuration

Figure 7 shows the client/server
Intranet configuration utilized within
Warner Bros. Feature Animation.
None of the functionality discussed
above would have been possible with-
out the infrastructure previously put in
place by the technology department at
the studio. Two SGI Challenge XL
computers serve the production direc-
tory file system. Most SGI worksta-
tions are connected to the central file
servers via ATM (OC 3 155
Mbits/sec) to the desktop and access
the remote production file system uti-
lizing Network File System (NFS)
Version 3. The remote file system is
accessible to SGI workstations at
speeds comparable to the performance
of local disk access. The editorial http
server accesses the actual QuickTime
media using NFS and sends the
requested files to client machines
using http.

HTTP and MIME

HTML browsers are built utilizing
HTTP, which defines the messages
sent between the client browser and
web server. All communications need-
ed are supported by the HTTP/1.0 pro-
tocol that is documented in RFC
19458

When either an HTML page or a
QuickTime movie is opened, the
browser sends an HTTP request for
data. The server replies with an HTTP
message containing several pieces of
information. Of particular interest is
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S0 Challiigs

HFE Filn Server

Figuwna 7. Chenbearar ndranal configurahon

the message string “Content-type;
tvpelsubiype™ sent by the server
before the: transmitted data.

The browser sees this message as an
inchcation of what type of data will be
recerved, The “tyvpelsubtype™ label is
called the Multipart Internet Mail
Extension (MIME) tvpe. The tyvpe
ficld can be any of the following:
image, audio, text, vides, application,
ete, In our application, we use
texthiml and video'quicktime. On the
server side a file exists (such as,
fusrilocaliete/upd'conf/mime. types)
which associates specific MIME types
with file name extensions, Most
krowsers maintain some sort of
mime.tvpe file on the local machine,
but configuration is done through the
browser's user imerface, By configur-
ing the MIME tvpe associatson on the
browser, the native machine can
launch particular applications based on
the type received. For example o our
5GI workstations, when Netscape
receives a videofguicktime MIME
type, the SGI movieplayer is launched
to play the CuickTime, Becently many
software plug-ins have been developed
for browsers so that the browser itself
can handle the media when the correct
MIME type 15 detecied,

HTTP Server

Our web server cholce was the
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Apache web server, which easily
accommodates custom software mod-
ules, The name Apache was derived
froom A PAICHY server” sice il was
writlen from many patches contributed
by many developers *

Storage

A given prodoction consists of
thousands of scemes.  The
LipdateScene. pl software generales
two QuickTime movies for every
scene in the film, Because CuickTime

is low-resolation and compressed, it
reguires much less space than the
high-resolution production materal,
Ciar central server is configured with
ong terabyie {1000 Ghye) of disk
space, The Queest for Camelar sceme
previews required 28 Ghytes of disk
space while The fron Ciang 15 current-
Iy wtilizing 9.2 Gbytes. Running time
for Quest for Camelor, less the credits,
wis T6:42 min and The fron Gian
will be about the same. Each film's
storgge utilization for preview movies
is about 3% of the wotal online storage
available. It would have been desirable
to redain more tsan the current version
of a scene bt doing so would have
required excessive disk space,
Security

Security was another 145ue in the
initial implementation stage. Cur Tacl-
1y is not directly connected to the
[nternet but rather to the corporate
Time-Wamer network located at the
Wamner Bros. Smdios in Burbank, CA,
The studio’'s MIS department main-
tains an Internet firewall with strct
security guidelines 1o keep owlsiders
from breaching the nerwork. In adedi-
tion, all QuickTime movies produced
for distribution via the internal web
have each frame witermarked with a
Warner Bros. logo. Any material
transmitied o the Internetl can be
truced. Logs are kept of all material
generated by the UpdareScene, pl
senpt and all transactions within o
webh server,

Table 7 — Download Spead Utilizing hitp with Vanous Computer Network
Combinations '

Machine (CPUN Download Speed
Network Connection (Kbytes/sec.)
SG1 Imipact (R4400 MIPS 250 MHz) 15466
ATM
501 Indigo XL (R4400 MIPS 200 MHz.) 1501
ATM .
Windows NT PC (Pentium Il 133 MHz) 17
100baseT
SGIO2 (RE000 MIPS 150 MHZ ) 1033
I 0{ibaseT =
Macintach Model 2606 (PowerPC 350 MHz.) 454
| Obase T
MextSiep PC (Pemtium [ 133 MHz) ETE]
| ObaseT
Macintash Madel 7500 (PowerPC 100 MHz) 154
L1 0baseT
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Table 8 — QuickTime Movie Storage Requirement

QuickTime Format Storage
(Kbyte/frame) (Kbyte/foot)*

320 x 240 71 - 100 1136 - 1600

Apple Video Codec

720 x 540 13-58 208 - 928

JPEG

* 16 frames per foot when using 4 per{ 35mm

Performance

The studio consists mainly of SGI
workstations, NextStep PCs, and
Macintosh computers; a few Windows
NT PCs are also in use for test purpos-
es. All the machines are networked:
NextStep PCs are connected to
100baseT (100 Mbits/sec) network
and Macintoshes to 10baseT (10
Mbits/sec). Typically, ATM-connect-
ed SGIs can transfer files at about 5
Mbytes/sec (via NFS), while the trans-
fer rate of the Macintosh is nominally
200 to 300 kbytes/sec (via ftp). Table
7 shows nominal download perfor-
mance measurements for each system.

We could have gained significant
performance when downloading to
SGI workstations by using the NFS
protocol over our ATM network. To
do this the URLSs referencing the
QuickTime within Listing 2 must
specify a protocol of “file” and access
a remote file system. Although this
would have improved download per-
formance for the SGI workstation
users, our experience with NFS soft-
ware for Macintosh and Windows NT
environments has been that the perfor-
mance would not be an improvement
over the use of http downloads. To
keep the implementation simple, we
utilized only the http protocol for
downloads. .

The various computers used within
Feature Animation can all download
and play the scene preview in a rea-
sonable amount of time. Download
time is considerably longer on
Macintosh machines due to lower
CPU performance and less network
bandwidth. Story reel QuickTime
requires 5 to 15 min to download
when viewed on a Macintosh, but is
almost immediate when viewed on the
SGI.
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The Apple video codec was used to
compress the majority of QuickTime,
since it will play at or near 24
frames/sec on all machines within the
studio, without additional hardware
accelerators. The other compression
method employed was JPEG, which
has a greater compression rate and
thus required less disk space. Table 8
shows the storage per frame for each
type of QuickTime movie generated.
The 720 x 540 QuickTime JPEG D-1
video format can only play at speed
with machines that have special hard-
ware accelerators. The SGI O2 work-
stations have built-in hardware image
processing which makes them capable
of playing this type of media. On the
Avid we never actually play the JPEG
compressed QuickTime but rather
import it into the Film Composer
application for editing and playback.

Enhancements

Two enhancements to the above
capabilities can be implemented, the
use of streaming rather than download
and play and the addition of serving
automatically assembled sequences.
We opted to use download and play
because we could not locate software
for playing streaming media on the
NextStep PCs; and most streaming
servers only have players available for
Windows and Macintosh operating
systems and nothing for the SGI.
Streaming movie playback is extreme-
ly desirable when playing story reel
movies with long download times on
Macintosh computers.

One possible solution to streaming
QuickTime movies is to convert all
our served QuickTime to what Apple
Computer calls “Fast Start” files.
According to QuickTime terminology
a QuickTime file is made up of data

structures called “atoms.”!0 Movie
generation programs usually store the
movie resource atom as the last one
within the file. A software filter pro-
gram can be developed to put the
movie resource atom first in the
QuickTime file causing the movie
player applications to start playing
before the entire file has downloaded,
effectively streaming over the
Intranet.!! With this approach it is not
necessary to invest in special purpose
software for streaming.

Currently, people view scenes indi-
vidually after retrieval from the web.
Some individuals have used the SGI
application moviemaker to connect
scene preview movies to look at mate-
rial in continuity. This has been
attempted on the Macintosh using
desktop applications such as Premiere
and VideoShop. Because editorial cut
lists exist online for every sequence in
the movie, this means that scenes can
be automatically assembled into com-
plete low-resolution QuickTime
movies. Eventually every sequence of
the film will be served in its current
state and updated daily, eliminating
the need for manual assembly by the
user. It will also dramatically decrease
the number of videotapes the editorial
department outputs on a regular basis.

Conclusion

Cost-effective scene preview capa-
bility has been developed utilizing
public domain software and a Perl
code developed for Warner Bros.
Feature Animation. The Perl code con-
tains under 2200 lines and was imple-
mented utilizing SGI and public
domain SDSC image tools. The entire
scene preview capability was imple-
mented easily and quickly using the
existing computer infrastructure set up
for Feature Animation.

The simplicity of its functionality
has allowed instant access to scenes
for use in verifying scene content and
checking for “hookup” problems with
surrounding scenes. Scenes can be
downloaded and played on Macs,
Windows, NextStep, and Unix sys-
tems by users with limited computer
knowledge; a short learning curve on
the basic operations of a web browser
is all that is required. Changes that
occur in the scenes (as many as 30
scenes modified or created in a day)
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are easily detected and e-mail alerts
production personne] [0 SCEneEs mov-
ing from one stage to the nexi.

Other heneficial features have
resulied from implementation of the
software. The amount of videstape
material supplied by editorial to other
departrnents has decreased. reducing
tape costs and transfer time. D-1-
quality maberial remains available for
reference afier the original production
material has been archived and
removed. [t alse permits access, by
remote facilities, to scenes in produc-
tion, Dning the production of (aese
for Camelor, personne] working al
remole lacations were able 1o l:l:r.r.l
abreast of changes by wsing the Time
Warner Corporate MNetwork o access
the editorial server.

I the futre, other benefits may be
realized by wsing the svsiem. New
streaming technologies such as
RealVideo by RealMetworks and
Metshow by Microsofl promise a
faster play cvcle while unlizing less
disk space on local computers. This
will provide better plavhack of longer
maore complex movies allowing access
t an even wider base of users, The
IHL'|11'H"III1E]" 1% red restnciive and can
adapt to match pace with the evolving
computer necds of any production.
Less expensive PCs running with NT
operating systems can also serve
ChickTime movies and create HTML
documents.

Warner Bros. ha wsed the scene
preview capability successfully on two
productions. The web capability is
production driven and continwally
enhanced. The ability to view any
seene ot any point in the production
prowess by any staff member has been
realized, increasing efficiency and
reducing costs in the production of
arnrmated feateres
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